A nursing care planning system that automatically generated nursing summaries from information entered into the Psychiatric Outcome Management System (PSYCHOMS®, Tanioka et al.), was developed to enrich the content of nursing summaries at psychiatric hospitals, thereby reducing the workload of nurses. Preparing nursing summaries entails finding the required information in nursing records that span a long period of time and then concisely summarizing this information. This time consuming process depends on the clinical experience and writing ability of the nurse. The system described here automatically generates the text data needed for nursing summaries using an algorithm that synthesizes patient information recorded in electronic charts, the Nursing Care Plan information or the data entered for North American Nursing Diagnosis Association (NANDA) 13 domains with predetermined fixed phrases. Advantages of this system are that it enables nursing summaries to be generated automatically in real time, simplifies the process, and permits the standardization of useful nursing summaries that reflect the course of the nursing care provided and its evaluation. Use of this system to automatically generate nursing summaries will allow more nursing time to be devoted to patient care. The system is also useful because it enables nursing summaries that contain the required information to be generated regardless of who prepares them.
Introduction
A nursing summary provides a synopsis of the course of the patient's hospitalization for a certain period of time and the received nursing care [1] . This is needed if there is a change in the patient's condition which can be communicated to other health care team members at the next facility. In doing so, nursing care can be provided with continuity and without delay [2] . In addition, nursing summaries are prepared periodically so that the care of patients' requiring long-term hospitalization is reviewed and the nursing care that has been provided is reexamined in order to provide more appropriate nursing.
Many patients' requiring long-term care hospitalizations are in psychiatric long-term-care beds and in longterm-care beds for the elderly if there is no change in the patient's condition, the same information must be recorded repeatedly in the nursing summary. This is inefficient and costly for the nursing service. In preparing a nursing summary, the nurse must enter or record the required information on the designated form from the beginning, and at discharge, they must find the required events in a nursing record that spans a long period of time and then concisely summarize the information. Consequently, preparation of the nursing summary depends on the extent to which the nurse understands the patient's condition, the nurse's clinical capabilities, and their writing ability [3] . Because that preparing the summary requires time and effort, it is a burden on the nurse [4] [5] . Moreover, it has been noted that the information recorded is sometimes inadequate [6] .
Previous studies have examined the methods and systems used in preparing summaries [7] [8]. Studies have also been conducted on electronic summary preparations in the healthcare setting [9] [10]. For example, there are systems that extract text that includes specific expressions from the text portion of the information in electronic charts, delete text such as conjunctions and dates from the extracted text, and output a summary [11] . Other systems have the extraction and classification functions by a disease name from an electronic medical record. Also this system can create the summary according to the classified disease name [12] . With these summary preparation systems, however, it becomes apparently difficult to find the necessary information as the amount of information recorded in the electronic chart increases, and when summaries are prepared at regular intervals, the information needed treatment or nursing is extracted manually.
The nursing summary preparation systems that have been introduced in the clinical setting in Japan automatically extract basic patient information such as the diagnosis from the electronic chart [13] - [16] . This to some extent reduces the work involved in manually entering text to prepare the summary.
The nursing summary is a summary of the nursing process itself rather than simply a list of data, and it must be edited into data with a high level of added value that includes the considerations required for nursing care continuity [17] [18] . However, a system that automatically generates these types of useful nursing summaries has not been developed.
A nursing care plan is very important record in the nurse's record in the electronic chart. Included in this record are the nursing problems extracted by the assessment of the patient's condition, a nursing care plan for addressing these problems, the implementation status of the plan, and an evaluation of it. These problems could be solved if the nursing care plan information and the plan evaluation, which are entered by the nurse, could be synthesized with predetermined fixed phrases to automatically generate up-to-date text data.
The aim of this study was to construct a system that automatically generates nursing summaries using data entered into the PSYCHOMS® nursing care planning system.
Methods

Nursing Care Plan and Nursing Summary
The nursing summary explains the effectiveness of the nursing care provided to the patient and the extent to which the expected results have been achieved. It clarifies what nursing care should be continued in the future and is needed to ensure the evaluation and continuity of nursing care. The information in the summary includes patient attributes, information on drugs and other treatments to be continued, hospitalization status and nursing course, and nursing diagnoses and nursing care details requiring continuity [19] [20] .
The nurse ascertains the nursing-related problems of the individual patient and takes responsibility for independently implementing the nursing intervention needed in the process of treatment and nursing care [20] . To accomplish this, the nurse performs a nursing diagnosis, establishes and implements a nursing care plan (nursing objectives and intervention plan) for each diagnosis established, evaluates the efficacy of the plan at regular in-tervals, and revises it as necessary. Consequently, the information in the nursing care plan includes information needed for the nursing summary. In other words, the objectives of the nursing summary can be satisfied by accurately extracting and summarizing the information recorded in the nursing care planning system. However, the nurse must find a tacit algorithm to formulate a procedure for extracting the information needed to reexamine the continuous nursing care they conceive of and the provided nursing care.
Automatic Generation of Nursing Summaries from Nursing Care Plans
Overview of System for Automatically Generating Nursing Summaries
The overview of this system is shown in Figure 1 . Because the information recorded in the nursing summary basically is determined according to the situation (e.g., at admission, when transferring to another hospital), it can be sufficiently expressed with fixed phrases that include the necessary information.
The method used to generate the text of the summary in this system involves preparing a template of fixed phrases for each situation (admission, mid-hospitalization, ward transfer, discharge, and hospital transfer) in advance, extracting the required information from the nursing care plan data, and then inserting it into the appropriate template.
This system uses nursing care plan data in multiple data formats that are commonly used at present, rather than a single format. Because the types of recorded information vary, a fixed phrase template is needed for each data format.
Moreover, because the information included in the nursing care plan data varies, the summaries are output also vary. Therefore, when generating a summary, the user selects the nursing care plan data they require (and the corresponding fixed phrase template).
When the user specifies the patient name, the System Controller 1 (SC 1 ) shown in the Figure 1 , judge whether a nursing summary is created from the Nursing Care Plan or the North American Nursing Diagnosis Association (NANDA) 13 domains. Next, data required for a nursing summary is acquired from the PSYCHOMS database. The System Controller 2 (SC 2 ) extracts the required information from the nursing care plan data for that patient and incorporates it into the corresponding fixed phrase template to automatically generate the nursing summary.
Phrase Templates
Fixed phrase templates were prepared for each nursing care plan data format and situation in order to generate summaries. The system accommodates two nursing care plan data formats: a format for patient information obtained from the PSYCHOMS® [21] and a format for the Nursing Care Plan information or the NANDA 13 domains.
Moreover, because that summaries can be generated for five situations: admission, mid-hospitalization, ward transfer, discharge, and hospital transfer, a total of 10 types of fixed phrase templates can be prepared manually.
The Nursing Care Planning System of the PSYCHOMS® can be used in two ways: 1) to create a nursing care plan from the nursing diagnosis, and 2) to create a nursing care plan from the NANDA 13 domains.
The template used to create a nursing care plan from the nursing diagnosis (patient information obtained from PSYCHOMS®) is shown in Figure 2 .
As the example indicates, the templates consist of sentences interspersed with blank spaces, and words and phrases extracted from the nursing care plan data are inserted into the spaces to generate the nursing summary. The nursing care plan data are not simply sentences but rather the information is structured and classified according to attribute (e.g., nursing diagnosis, assessment). Consequently, in extracting information, the information for the specified attributes can be used unchanged.
An example of a fixed phrase template for the NANDA13 domains is shown in Figure 3 . With this nursing care plan data format, a nursing diagnosis is entered after being extracted from the results of an assessment of the patient's physical, psychological, and social condition based on the NANDA 13 domains. Consequently, the NANDA domains and specific patient conditions and circumstances that are problematic are documented.
Results
This system is a Japanese system, therefore the output examples of summary text automatically generated from the nursing care plan are shown in Figure 4 and Figure 5 in Japanese language. In the Figure 4 , it shows auto- matically generated result from the Nursing Care Plan. The generated text reflected nursing intervention implemented to address the nursing diagnosis and the evaluation performed after the intervention result appropriately. In the Figure 5 , it shows automatically generated result from the NANDA 13 domains. Also, the generated text reflected the nursing diagnosis, patient's psychiatric symptoms and conditions appropriately.
Discussion
The nursing summary must elucidate the effectiveness of the nursing care provided to the patient and the extent to which the expected results have been achieved and clarify what nursing care should be continued in the future. Also, in order to provide nursing with continuity, the up-to-date nursing information required must be accurately reflected in the nursing summary. In this respect, the generated summary text by this system provided the information required for the nursing summary [22] - [25] .
The system synthesizes the nursing care plan information and its evaluation, which is entered by the nurse, with predetermined fixed phrases to automatically generate up-to-date text data. Therefore, it has the advantage of ensuring that the information in the automatically generated nursing summaries is accurate and timely.
Furthermore, when generating a nursing summary, nursing diagnoses that were resolved and finalized through the nursing intervention also could be included in the nursing summary as part of the nursing course. In other words, the nursing summary includes a description of the change in the individual subject's condition and indicates the problems predicted after discharge, which is the purpose of the summary, thereby ensuring nursing continuity and enabling the nursing to be evaluated. The nursing summaries generated by this system include sufficient up-to-date information for nursing continuity and therefore benefit both the patient and the nurse.
Personnel shortages are a serious problem for psychiatric hospitals and long-term-care beds. However, the use of this system would eliminate the need of repeated preparing summaries that contain the same information for patients in the chronic phase, who have few changes in their condition. Therefore, the time saved by generating the summaries automatically could be effectively utilized to provide the nursing care needed.
In this system, because that a nursing diagnosis and plan can be proposed for the acute phase based on the NANDA 13 domains, the system can be applied to generating nursing summaries for other fields in addition to psychiatry. The NANDA nursing diagnoses used by this system represent a universal language [21] [26] , which means that the automatic summary generation system created based on this study has broad utility not only in Japan but also in other countries.
As human factors, the appropriateness of the nursing summary depends on the ability of the nurse using the system. Generated nursing summary based on the nursing care plan and evaluation entered by the nurse, this information must be properly entered. It will be necessary in the future to increase the accuracy of the system to improve the readability of the automatically generated summaries and to provide training for nursing personnel to ensure that the nursing summaries are of high quality. Proper entry of the nursing care plan and evaluation are important for ensuring that the nursing summary generated is of high quality. Moreover, if there are many persistent nursing problems, the size of the summary increases, and it becomes difficult to read. It therefore became apparent that a feature was needed for revising the text appropriately using a feature that enables a human nurse to edit the summary extracted by the automatic summary feature. Based on the study results and clinical evaluation, the addition of these features has made the current system easier to use in the clinical setting.
Conclusions
This study focuses on nursing care plan data, and proposes a method of automatically generating nursing summaries from the information in nursing care plans. This system was developed to synthesize the nursing diagno-sis and evaluation entered by the nurse nursing care plan and the NANDA 13 domains in the PSYCHOMS ® with predetermined fixed phrases and automatically generated up-to-date text data.
For psychiatric hospitals, which have many patients who require long-term hospitalization or are admitted and discharged repeatedly, the system enables nursing summaries that include useful patient information to be generated automatically and the process of summary generation to be simplified and more timely.
